Rats of the Niviventer niviventer species complex (NNSC) are among the most abundant small mammals in Southeast Asia and China. More than 20 species or subspecies have been reported in the scientific literature; however, this species complex remains taxonomically ambiguous. With extensive sampling and integrated information from molecular and morphological data, we examined genetic divergences and morphological differences among species within the NNSC. Analyses of molecular voucher specimens revealed that the reported geographic ranges of most NNSC species need revision. Morphological analyses demonstrated that substantial differences exist among these species. Niviventer confucianus, the NNSC species with the largest number of subspecies, showed the greatest intraspecific morphological variation. The taxonomic revision presented here establishes 2 new taxa as independent species. This species complex in China now includes 8 species: N. bukit, N. confucianus, N. coninga, N. culturatus, N. lotipes, N. niviventer, 1 new species, N. gladiusmaculus sp. nov., and a new combination N. pianmaensis comb. nov.
Niviventer Marshall, 1976 is one of the most common rodent genera in natural biological communities in Southeast Asia and China. The genus has a crown divergence dated to the late Miocene, approximately 6 million years ago, with a high diversification rate inferred for the late Pliocene and Pleistocene (He and Jiang 2015; Lu et al. 2015; Zhang et al. 2016) . The high alpha diversity of Niviventer is evidenced by molecular data and is widely recognized based on morphological differences (Musser and Chiu 1979; Musser and Carleton 2005; Balakirev et al. 2014) . The phylogeny, morphology, and taxonomy of this genus have attracted considerable attention over the last century (Thomas 1908a (Thomas , 1908b (Thomas , 1909 Allen 1912 Allen , 1926 Musser 1970 Musser , 1981 Musser and Chiu 1979; Stefen and Rudolf 2007) ; however, detailed information on species limits, geographic ranges, and species-group membership is lacking.
NFSC extends from Southeast Asia to southern China, currently including N. huang, N. fulvescens, N. cremoriventer, N. rapit, N. hinpoon, etc. Members of this complex are abundant in lowto mid-altitude habitats in tropical and temperate forests. The N. confucianus species complex (Lu et al. 2015) or N. niviventer division (Musser 1981; Stefen and Rudolf 2007) comprises the most abundant taxa and ranges from the southwestern to central and northern regions of China (Table 1) . Niviventer niviventer (Hodgson 1836) was the first identified species within Niviventer; accordingly, we use "N. niviventer species complex" (NNSC) to refer to this group by following the principle of priority in the International Code of Zoological Nomenclature (http:// www.nhm.ac.uk/hosted-sites/iczn/code/). Previous molecular studies that applied the general mixed Yule-coalescent model (GMYC-Monaghan et al. 2009; Fujisawa and Barraclough 2013) , Bayesian phylogenetics and phylogeography (BPPRannala and Yang 2003) , or automatic barcode gap discovery (ABGD- Puillandre et al. 2012 ) revealed that at least 11-18 putative species occur within the NNSC (He and Jiang 2015; Lu et al. 2015; Zhang et al. 2016 ). According to Musser (1981) , this group is "inadequately known" in terms of its limits, and its members are "closely similar among themselves in cranial conformation and dental configuration." The geographic ranges of these species and the diagnostic characters that can distinguish these species remain unclear.
In Niviventer, the morphological features considered most informative for species identification are: body size, skull size, tail length, coloration of the tail and tail tip, total cranium length, interorbital width, incisive foramen length, size and shape of the auditory bullae, shape of the bony palatal bridge, and extent of development of supraorbital ridges (Musser 1973 (Musser , 1981 Musser and Chiu 1979; Stefen and Rudolf 2007; Balakirev et al. 2011) . Most species within the NNSC are endemic to the mountainous region of southern China and Southeast Asia. In total, approximately 20 species or subspecies from China or its vicinity have been previously identified within the NNSC (Table 1) . Taxonomically, this species complex represents the most ambiguous group within Niviventer. A comprehensive revision will provide information regarding its (currently underestimated) biodiversity, updated geographic ranges and hence conservation statuses, and information for the monitoring of potential zoonotic diseases.
In the last 10 years, we collected more than 2,000 samples and approximately 1,000 new specimens of Niviventer Table 1 .-Described species or subspecies of the Niviventer niviventer species complex (NNSC) in China and their current placement according to our recent studies.
used as outgroup taxa in the last 2 data sets that both included 300 individuals from the genus Niviventer, 223 of them belong to NNSC. Detailed information for samples and accession numbers of DNA sequences are listed in Supplementary Data SD2, and locations of samples are shown in Fig. 1 .
Sequences were aligned using ClustalW (Thompson et al. 2002) . To reduce computational demand and over-partitioning, we used DAMBE version 5.5.29 (Xia 2013) to delete identical sequences and PartitionFinder 2 (Lanfear et al. 2017 ) to select the best-fitting nucleotide substitution model settings for Cytb (1,131 bp), Cox1 (676 bp), and Rbp3 (1,345 bp) and the whole D-loop fragment (564 bp). We conducted Bayesian phylogenetic analyses of the 3 data sets using MrBayes v3.1.2 (Ronquist et al. 2012 ). We performed 4 independent runs of each data set, with 2 cold and 2 heated Markov chains of 80 million steps. Trees were sampled every 1,000 steps, and the first 25% were discarded as burn-in. Convergence was monitored using the standard deviation of split frequencies, and we monitored for sufficient sampling using Tracer (Rambaut and Drummond 2007) . Moreover, we conducted maximum likelihood analyses in RaxML version 8 (Stamatakis 2014) to test the robustness of the results from the Bayesian analyses. Sequence divergence between or within species was calculated as the uncorrected p-distance based on Cytb and Cox1 sequences, respectively, in MEGA 6 (Tamura et al. 2013 ) since these 2 DNA fragments have frequently been used as DNA barcodes in mammals.
Examination of morphological diversification.-We studied many specimens that had been classified as Niviventer and preserved in the following museums: the Natural History Museum, London (NHM, approximately To understand the morphological diversity of the NNSC, we explored differences in general body form. Morphological differences were tested by integrating the body mass (BM, in grams, g), external measurements (EM, in millimeters, mm), and craniodental measurements (CM, in millimeters, mm) . Juvenile and subadult individuals were excluded from the analysis. Adult specimens were identified by the complete fusion of the cranial sutures and the full eruption of the molars. Male and female specimens were mixed in analyses since previous studies identified no significant differences in the external and cranial measurements between sexes (Stefen and Rudolf 2007; Yang et al. 2011) . BM, and EM that comprised head and body length (HBL), tail length (TL), ear length (EL), and hind foot length (HFL, excludes the claw), were recorded in the field on 384 molecular voucher specimens and 153 museum specimens (Supplementary Data SD3). We calculated the means and standard deviations of BM, HBL, TL, HFL, and EL for each species. Pairwise differences in the BM, HBL, TL, HFL, and EL between species were tested by an analysis of variance (ANOVA) using least significant difference (LSD) tests.
Moreover, 16 CMs (location of measurements are illustrated in Supplementary Data SD4), including the total length of the cranium (TLC), nasal length (NL), greatest width of the "snout" (GWS), shortest distance between orbits (SDO), zygomatic breadth (ZB), greatest mastoid breadth (GMB), palatal length (PL), incisive foramen length (IFL), width of the incisive foramen (WIF), greatest palatal breadth (GPB), length of the tympanic bulla (LTB), length of the maxillary molars (ULMM), length of the maxillary diastema (ULMD), mandibular length (ML), length of the mandibular molars (LLMM), and length of the mandibular diastema (LLMD), were obtained from 206 skulls of adult specimens. Detailed information for these measured specimens, including 18 holotypes and paratypes, which generally represented skull specimens of the different species within the NNSC, is provided in Supplementary Data SD5. Specimens of N. lepcha (Wroughton 1916) and N. mentosus (Thomas 1916) were included because 2 newly discovered genetic lineages (N. sp1 and N. sp2 in Figs. 1-3) were not only distributed in their nearby regions, but also showed high morphological similarity to these 2 species. To illustrate the morphological distinctiveness of these species, we analyzed their morphological differences separately.
Craniodental differences among taxa were tested by a principal component analysis (PCA) of the original linear measurements. Multivariate analyses of variance (MANOVAs) were conducted on the PCA scores, and we used linear discriminant analyses (LDAs) on the CM to test group membership based on the taxonomy revealed by our molecular phylogenetic reconstruction. We tested for morphological differences between species with a MANOVA of discriminant scores, which was conducted in PAST 3.16 (Hammer et al. 2001) .
Testing ecological differences.-We examined ecological differences among NNSC species by selecting elevation, average annual temperature (BIO1), mean diurnal range (mean of monthly, maximum temperature − minimum temperature, BIO2), average precipitation (BIO12), and the normalized difference vegetation index (NDVI, the average annual maximum value calculated from 2006 to 2015) as representative ecological parameters. Values for elevation were obtained from field collection records of molecular voucher specimens and specimens from museums, or extracted from the data downloaded from the SRTM 90m Digital Elevation Database v4.1 (http://srtm.csi. cgiar.org/) based on their coordinates. Values for BIO1, BIO2, and BIO12 of each locality were extracted from bioclimatic (red) and N. mentosus (orange), which are morphologically and geographically similar to 2 new taxa established in the present study. Number of individuals included in phylogenetic analyses are given in the circle for each locality. Background of the map is based on the topography of the studied region. layers of the current period from the WorldClim Database (http://worldclim.org/current.htm). NDVI was extracted from the third-generation NDVI from Global Inventory Modeling and Mapping Studies (GIMMS3g, https://ecocast.arc.nasa. gov/data/pub/gimms/3g.v1/), and prepared by the Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, IGSNRRCAS (Liu et al. 2017a; Wang et al. 2017) . Duplicate occurrences of each species (from the same locality at the same elevation) were removed in analyses. Species with less than 3 locations were excluded. We tested the ecological variation among different species using ANOVAs and MANOVAs in PAST 3.16.
results
Phylogeny of the NNSC based on molecular data.-According to our phylogenetic analyses of Cytb and the concatenated mtDNA data set, 9 well-differentiated clades were recovered within the NNSC (Figs. 2 and 3 ). Niviventer culturatus appeared as an early diverging lineage within the NNSC; N. sp2, N. tenaster, and N. niviventer formed a monophyletic group; N. coninga showed a close relationship with N. lotipes; and N. bukit and N. confucianus formed a monophyletic group ( Fig. 2A) . Three well-supported clades were present in N. confucianus (Fig. 2B) . Genetic distances between species ranged from 0.059 ± 0.006 to 0.136 ± 0.01 using Cytb and from 0.041 ± 0.006 to 0.069 ± 0.010 using Cox1 (Table 2) . Genetic distances within species ranged from 0.022 ± 0.002 to 0.001 ± 0.001 using Cytb (Table 2) . However, Rbp3 failed to identify most of these clades within the NNSC (Supplementary Data SD6) .
Geographical ranges of species within the NNSC.-IUCN (2017) provided the most up-to-date information on the distribution of Niviventer species. However, based on the source locations of the molecular voucher specimens included in the present study, the distributions of most species require revision (Fig. 1) . Niviventer confucianus ranges from northern Vietnam, southwest Yunnan to central and northeast China, and has the widest distribution among all NNSC species. Niviventer lotipes is restricted to southeastern China, and N. niviventer is confined to the southwest of Yunnan and the southeast of Tibet. Niviventer culturatus and N. coninga are endemic to Taiwan Island. The 2 unrecognized clades are confined to the southeast region of Tibet and Yunnan. Interestingly, samples from the type locality of N. confucianus sacer (Yantai in Shangdong) clustered with N. bukit samples from Southeast Asia. More detailed information on the distributions of these species is provided in the "Taxonomic Account" section of this paper.
Morphological variation among species.-Photographs of the skins and skulls of NNSC and closely related species are presented in Figs. 4 and 5, and descriptive statistics for external and craniodental measurements of species within the NNSC are given in Table 3 . Niviventer sp1 is the smallest species within the NNSC when compared with the others in HBL, TL, and HFL. Niviventer sp2 is remarkable for the longest tail when compared with that of the others in NNSC.
The ANOVA results showed significant morphological differences between all pairs of species either in HBL, TL, HFL, or EL (Table 4 ). In the PCA of skull measurements, the first 2 axes captured 63.21% (mainly reflected size) and 7.43% of the total variation, accordingly. TLC, PL, ULMD, ML, and NL are the top 5 measurements that have the highest correlation with the first axis (PC1 in Table 5 ). In the PCA of skull measurements, N. confucianus overlapped with other species, and showed the largest range of variation when compared with the other species (Fig. 6A) . However, when N. confucianus was excluded, most species within the NNSC were spatially separated on the 2 axes, particularly N. lepcha, N. mentosus, and the 2 new genetic lineages, N. sp1 and N. sp2 (Fig. 6C) . The MANOVA of the PCA results demonstrated significant variation between most species pairs (P < 0.05; see Table 4 ). The LDA of craniodental measurements yielded moderate-to-high discrimination among species (Figs. 6B and 6D; Table 4), and the first 2 axes captured 53.5% and 12.5% of the variation by using the whole data set. The small data set that included N. lepcha, N. mentosus, N. sp1, and N. sp2 showed clear differences among species ( Fig. 6C and 6D ) with the first 2 axes captured 78.8% and 5.9% of the total variation in PCA, and 71.3% and 25.5% of the total variation in LDA. MANOVA of the LDA results displayed significant differences between all species pairs (Table 4) .
Ecological differences among species.-Descriptive statistics, ANOVA of elevation, and MANOVA of BIO1, BIO2, and BIO12 together are provided in Table 6 . Among 11 species included in analyses, N. sp1 occurred at the highest habitats (3,198 ± 462 m, 2,979-4,416) , while N. confucianus occupied the widest elevational range (1,933 ± 1,116 m, 32-4,473) . Average NDVI values range from 0.65 for N. sp1 to 0.87 for N. tenaster. Most species pairs showed significantly different preferences on elevation and climate factors. Interestingly, the habitat generalist N. confucianus that occupied the widest distribution range (Fig. 1 ) showed significant differences with the other 9 species on climate factors (P < 0.05).
discussion
Geographic range of species within NNSC.-According to the current geographic distribution of NNSC species in Southeast Asia and China, the distinct geological history, complex topography, and climate have played important roles in the high rates of speciation (Lopez-Pujol et al. 2011; Wen et al. 2016) . The climate of this region is mainly governed by the East Asian monsoon, which mainly arises from the seasonal variation in land-sea thermal contrast (He et al. 2007) . In this region, temperature and precipitation both change along gradients from the coast toward inland areas, with microclimatic habitats formed by crisscrossing deep valleys and mountains. Accordingly, the species within the NNSC in this region showed clear boundaries among bioclimatic and geographic zones. For example, N. confucianus and N. lotipes are mainly separated by the Yangtze River, with the former extending from south to north in the temperate zone of China. Our previous study indicated N. confucianus mainly distributed within the isohyetal line of 200-700 ml (Ge et al. 2018) . Niviventer lotipes and N. niviventer are mainly isolated by the Pearl River and confined to the tropical and subtropical zones. Niviventer culturatus and N. coninga are endemic to Taiwan, although they likely arrived on the island at different times. Abundant fossils of Niviventer sp. from Ishigaki Island (24.19-37′N, 124.4-21′E) provide additional evidence for the wide distribution of these taxa near Taiwan during the period of sea level drops (Kawamura 2016) . Two new taxa established in the present study are confined to narrow regions in southeastern Tibet and the western part of . brahma, N. culturatus, N. gladiusmaculus sp. nov. (N. sp1), N. pianmaensis comb. nov. (N. sp2), N. tenaster, N. niviventer, N. coninga, and N. lotipes. (B) Phylogenetic placement of N. bukit and N. confucianus. Yunnan Province, and both occurred at localities in this region that presented middle-high elevations and were isolated by extremely deep valleys. Interestingly, the samples clustered within the N. bukit clade were from Vietnam and the Yunnan and Shandong provinces of China (Fig. 1) . The fragmented distribution of N. bukit implies a complex evolutionary history for this species. More detailed study is needed to provide insights into this disjunct distribution pattern.
Morphological variation within the NNSC.-Niviventer represents one of the most species-rich and abundant murid genera in Southeast Asia and China. Pelage coloration shows limited variation among different species within the NNSC (Fig. 4) , perhaps because all of these species mainly inhabit natural forest. However, the EM, which may correlate with the general life history attributes of mammals (Sibly and Brown 2007; Polly 2012) , varies greatly among species. Almost two-thirds of species within the NNSC showed pairwise significant variation in HBL by ANOVA (Table 4) . Moreover, the morphological characteristics of the tail, including the length, coloration, thickness, and hairiness, are important traits for distinguishing different species and are probably associated with adaptations for an arboreal lifestyle in different forest types. In addition to providing balance and stability and serving a thermoregulatory function, tails can also provide a defense mechanism against predation. Moreover, tails may play important roles in the recognition of conspecifics (Siegel 1970) . According to the original measurements, the TL in the NNSC appeared to be negatively correlated with latitude; for example, specimens of N. confucianus from southwestern China have a longer tail than those from northern China (Fig. 4) , which is likely related to differences in the temperature in this region, and follows Allen's rule (Allen 1877) . The high morphological diversity of Niviventer is different from that of the genus Rattus, which shows limited morphological variation (Rowe et al. 2011) . Intraspecies morphological variation of N. confucianus, one of the habitat generalist distributes from the north of Southeast Asia to central and northern China, is more remarkable than that of its sister species, which probably makes the taxonomy of NNSC challenging.
Current status of mammal taxonomy in China.-Approximately one-quarter of the endemic mammal species of China are threatened. Human overexploitation and interference, and habitat loss are the leading causes (Jiang et al. 2016) . In recent years, several new species of large mammals have been discovered, including the white-cheeked macaque (Macaca leucogenys) from Medog in southeastern Tibet (Li et al. 2015a ) and the Hoolock gibbon (Hylobates hoolock) from eastern Myanmar and southwestern China (Fan et al. 2017) . Furthermore, many small species have recently been described, including new taxa within pygmy dormice (Rodentia, Platacanthomyidae, Typhlomys- Cheng et al. 2017 ) and 5 new species of pikas (Lagomorpha, Ochotonidae, Ochotona- Liu et al. 2017b ). These taxa are mainly distributed in the southwestern mountainous region of China. However, because of the lag in formal taxonomy, a lack of historical type specimens, and limited research compared with that observed in western countries, considerable work is required to determine the actual faunal composition of mammals in China.
taxonoMic account
A previous DNA barcoding study of Murinae in China revealed that the interspecific genetic distance of the subfamily ranged from 2.07% to 7.35% based on Cox1, which is a rather wide range when compared with that of Arvicolinae (2.68-4.02%- Li et al. 2015b ). Mitochondrial and nuclear discordance (mito-nuclear discordance) was observed in the phylogenetic topologies reconstructed by using mtDNA and Rbp3 in the present study. Mito-nuclear discordance has been identified in many group of animals, particularly in recently diverged taxa, probably due to incomplete lineage sorting, hybridization and introgression, sex-biased dispersal, or maintenance of ancient polymorphisms through selection (Toews and Brelsford 2012; Thielsch et al. 2017 ). Inferences about phylogeny and speciation based on mtDNA or nuclear DNA alone may be insufficient to reveal the differences in recently diverged taxa. Thus, morphological and ecological information must be integrated in the taxonomy of these taxa. Based on molecular phylogenetic reconstruction, morphological analyses, and ecological traits of the specimens included in the present study, we recognize 8 species that belong to the NNSC in China: N. bukit, N. culturatus, N. coninga, N. confucianus, N. lotipes, N. niviventer , and 2 previously unrecognized lineages as independent species (N. gladiusmaculus sp. nov. for N. sp1 and N. pianmaensis comb. nov. for N. sp2, as shown in Figs. 1-3). Niviventer tenaster was previously reported as occurring on Hainan Island, China Table 2 , with 2 additional abbreviations: LEP for N. lepcha, and MEN for N. mentosus. n = the total number of intact adult specimens included in analyses. BM = body mass (g); EM = external measurements (mm); HBL = head and body length; TL = tail length; HFL = hind foot length; EL = ear length; CM = craniodental measurements (mm); TLC = total length of the cranium; NL = nasal length; GWS = greatest width of the "snout"; SDO = shortest distance between orbits; ZB = zygomatic breadth; GMB = greatest mastoid breadth; PL = palatal length; IFL = incisive foramen length; WIF = width of the incisive foramen; GPB = greatest palatal breadth; LTB = length of the tympanic bulla; ULMM = length of the maxillary molars; ULMD = length of the maxillary diastema; ML = mandibular length; LLMM = length of the mandibular molars; LLMD = length of the mandibular diastema. (Bonhote, 1903a) . Head and body length = 144, TL = 172, HFL = 29, and EL = 20.5 for the holotype (NHM 8.2.8.8) of N. c. sacer (Thomas, 1908a) . CM for the holotype of N. c. sacer: TLC = 37.78, NL = 14.02, GWS = 5.57, WSDO = 5.76, ZB = 15.58, GMB = 13.39, 
Table 6.-Ecological differences among species (mean ± 1 SE).
Abbreviations for species are the same as in Tables 2 and 3 . n = the number of separate locations included in analyses. NDVI = normalized difference vegetation index; BIO1 = annual mean temperature; BIO2 = mean diurnal range (mean of monthly, max temp − min temp); BIO12 = annual precipitation; ANOVA = analysis of variance; MANOVA = multivariate analysis of variance. Analysis of variance on BM and EM revealed significant variation between Southeast Asia and the Shandong Peninsula in TL and EL (P < 0.01), which implies geographical differentiation between these 2 populations. However, the present study only included Cytb of 4 individuals from Yantai and Zibo of Shandong, a more comprehensive sampling is wanted for a detailed study on this taxon.
Description.-Head and body length slightly shorter than TL, approximately 47% of the total length (HBL + TL). The pelage is mixed brownish black above, and the lower surface is generally milky white (Figs. 4D1 and 4D2) . The boundary between the dorsal pelage and undersurface is evident. The dorsal surface of the tail is brownish black without the hairy tip apparent in N. confucianus. The lower surface of the tail is generally white without a hairy surface. Braincase is oval. Incisive foramen is oblong, and tympanic bulla is small and round (Figs. 5I1 and 5I2) .
Diagnosis.-This species is morphologically similar to N. confucianus but distinguishable from this species by a shorter tail and shorter ears (Tables 3 and 4 ). The skull is slightly larger than that of N. confucianus (Table 3) .
Comments.-The HBL/TL ratio is highest among all species within the NNSC. This species is closely related to N. confucianus based on genetic data, with pairwise distance of 0.041 ± 0.006 in Cox1 and 0.059 ± 0.006 in Cytb (Table 2) .
Distribution.-This species shows a fragmented distribution pattern in Southeast Asia and Yunnan Province, and the Shandong Peninsula in China. Elevation of this species ranges from 93 to 1,400 m (Table 6) .
Sympatric species.-The distribution of this species overlaps with N. tenaster in the Southeast Asian Peninsula.
Niviventer confucianus (Milne-Edwards, 1871)
Confucian Niviventer
Mus confucianus Milne-Edwards, 1871:93. Type locality "Moupin, Setchuan" (= Baoxing, Sichuan, China). Thomas, 1908b: 45 . Type locality "Yenanfu, Shensi" (= Yanan, Shaanxi, China). Epimys confucianus: Thomas, 1911 Deng and Wang, 2000: 375. Type locality "Adong, Deqin, Yunnan, China". Niviventer confucianus yajianensis Deng and Wang, 2000: 375. Type locality "Bajiaolou, Yajiang, Sichuan, China". Description.-This species showed the largest intraspecific morphological variation among the NNSC species. The dorsal surface of the pelage is brownish black to yellowish brown. The lower surface is creamy yellow to white (Figs. 4G1-K2 ). The proportion of TL to the total length (HBL + TL) varies widely among geographical populations; for example, TL is approximately 54% of the total length (HBL + TL) for the populations from southwest Yunnan and southeast Tibet (N. c. deqinensis) (Figs. 4H1 and 4H2 ), approximately 53% of the total length (HBL + TL) for the populations from southwest Sichuan (N. c. yajianensis) (Figs. 4G1 and 4G2) , and approximately 46% of the total length (HBL + TL) for the populations from northeast China (N. c. naoniuensis) (Figs. 4K1 and 4K2) . The dorsal surface of the tail is brownish black, and the lower surface is generally white with a hairy tip (Figs. 4G1-K2 ). Cranium morphology is similar to N. bukit, but the skull is slightly smaller (Table 3) . Incisive foramina do not reach the maxillary toothrow and the 2 lateral sides are nearly parallel (Table 3; Figs. 5E1 and 5E2).
Mus confucianus luticolor
Diagnosis.-This species is distinguishable from other NNSC species by a medium body size and a tail that is black dorsally and has a distal tuft of hairs. The dorsal pelage varies from dark brown in southern China to light brown in northern China (Figs. 4G1-K2 ). It is easily confused with N. lotipes; however, the incisive foramina of N. lotipes (Figs. 5J1 and 5J2) are relatively smaller than in N. confucianus (Figs. 5C1 and 5C2 ). Statistics analyses showed these 2 species are differentiated in HBL, EL, GMB, IFL, WIF, ULMM, ULMD, ML, and LLMM (Tables 3 and 4 ; Supplementary Data SD7).
Comments.-This species has the widest distribution among Niviventer species. According to our previous study (Lu et al. 2015) , the samples from southeastern China represent a separate species, N. lotipes. Previous investigations that identified specimens from southeastern China as N. confucianus are likely incorrect. According to our data ( Fig. 1 ; Supplementary Data SD1), the distribution of N. confucianus includes northern Southeast Asia to northern China, mainly along the Hengduan Mountains to Qingling Mountains, along the eastern portion of "Hu Huanyong line" and the 400 mm annual precipitation line in eastern China, with an extension in central and northern China (Ge et al. 2018) .
The original description of this species was based on a specimen from Moupin (= Baoxing) in Sichuan Province (MilneEdwards 1871), and the present study included topotypes of this species from Baoxing, Sichuan for both the molecular and morphological analyses. Previously, more than 10 subspecies had been established for N. confucianus (Table 1) . A previous study showed that the skull morphology of this species diverged significantly among 5 mountains in southwestern China (Fan et al. 2010) . In addition to differences in the external and skull measurements, the pelage color of N. confucianus changes from dark brownish in the south to pale brownish in the north, whereas the relative TL changes from long to short (Figs. 4G1-K2) .
A study of the population genetics of N. confucianus showed high genetic diversity and rapid population expansion since the late Pleistocene (Ge et al. 2018) . According to the phylogenetic analyses of the present study, N. confucianus contains 3 distinct mitochondrial genetic clades. The first clade (C1) is distributed in southwestern Yunnan and southeastern Tibet, and the subspecies described in this region include N. mentosus (Thomas 1916) and N. c. deqinensis (Deng et al. 2000) . The holotype of N. mentosus, with HBL = 155 mm, TL = 196 mm, HFL = 32 mm, and EL = 23.5 mm (Thomas and Wroughton 1916) , is significantly larger than the specimens from clades C1, C2, and C3, which excludes its placement within N. confucianus. However, the holotype of N. c. deqinensis has HBL = 135 mm, TL = 160 mm, HFL = 27 mm, and EL = 22 mm (Deng et al. 2000) , with high similarity to clade C1. Therefore, we use N. c. deqinensis to represent this genetic lineage (Fig. 2B) .
The second clade (C2) was found from central to northern China, and it includes N. c. luticolor from Shaanxi (Thomas 1908b) , N. c. chihliensis from Hebei (Thomas 1917) , N. c. canorus from Gansu, and N. c. naoniuensis from Jilin (Zhang and Zhao 1984) . The holotype of N. c. luticolor has (all measurements in mm) HBL = 130, TL = 167, HFL = 27, and EL = 23; the holotype of N. c. chihliensis has HBL = 135, TL = 146, HFL = 26.5, and EL = 22; and the holotype of N. c. naoniuensis has HBL = 136, TL = 120, HFL = 26, and EL = 16. Niviventer c. canorus has HBL = 120, TL = 180, HFL = 27, and EL = 21.5. All measurements of these subspecies are within the range of variation of average values for clade C2. The molecular data analyses of the present study revealed that a large number of samples from central to northern China were placed within clade C2, highlighting the overestimation of subspecies in these regions and demonstrating its recent expansion in central and northern China. The morphological variation among geographical populations likely resulted from habitat heterogeneity. Niviventer c. luticolor was the earliest described valid subspecies to represent genetic lineage C2 (Fig. 2B) .
The third clade (C3) extended from the north of Southeast Asia to central China and included the range of the nominotypical taxa N. c. confucianus from Baoxing, Sichuan (Milne-Edwards 1871) and N. c. yajianensis from Yajiang, Sichuan (Deng et al. 2000) . The measurements of N. c. yajianensis (HBL = 150 mm, TL = 172 mm, HFL = 29 mm, and EL = 21 mm) are similar to the average values in clade C3. Niviventer c. confucianus was the first-described subspecies to represent genetic lineage C3 (Fig. 2B) .
Excluding the above subspecies, the distributions of N. c. elegans, N. c. sinianus, and N. c . lotipes are generally out of the range of N. confucianus, indicating mistakes in the original taxonomy (Table 1) . These taxa are within the distribution of N. lotipes.
The original description of N. c. yushuensis from Yushu, Qinghai Province of China emphasized the commensal habitats of this subspecies, since all specimens were discovered in residential buildings, temples, and repositories (Wang and Zheng 1981) . The tail is grayish brown both in dorsal and ventral view without white tips and tufted hair, implying its taxonomic assignment to the genus Rattus instead of Niviventer. The DNA sequences of samples for N. confucianus from Qinghai (Yushu and Xunhua) analyzed in the present study clustered within C2. Molecular voucher specimens of these samples showed a similar morphology to that of N. confucianus collected from central to northern China. They are clearly different from the specimens assigned as N. c. yushuensis by Wang and Zheng (1981) .
We recognize the following 3 subspecies of N. confucianus.
N. c. confucianus (Milne-Edwards, 1871:93); see above; yajianensis Deng and Wang, 2000 is a synonym. N. c. deqinensis Deng and Wang, 2000:375 . N. c. luticolor (Thomas, 1908b:45) ; see above; canorus Thomas, 1911 , chihliensis Thomas, 1917 , and naoniuensis Zheng and Zhao, 1984 are synonyms.
Distribution.-The distribution of this species as reported by the IUCN (Lunde and Smith 2016) is greatly overestimated. Based on the localities of molecular voucher specimens included in the present study, this species is distributed in northern Vietnam and Myanmar to central and northern China but does not occur in southeastern China or the Shandong Peninsula (Fig. 1) . The elevational range of sample sites of molecular voucher specimens is 32-4,473 m (Table 6) .
Sympatric species.-The distribution of this species overlaps with N. niviventer in southwestern China, and slightly so with N. lotipes in southeastern China, but N. confucianus appears to have a wider range when compared with that of N. niviventer and N. lotipes (Fig. 1) .
Niviventer coninga (Swinhoe, 1864) 
Spiny Taiwan Niviventer
Mus coninga Swinhoe, 1864: 185. Type locality "Formosa" (= Taiwan, China). Name combination used by Thomas, 1892:939; Bonhote, 1905:386 Type locality.-Taiwan, China (no detailed information on exact location).
Holotype.-NHM 70.2.10.61c, adult male, collector unknown. HBL = 6.5 inches (165 mm), TL = 6 inches (152 mm), HFL = 1.4 inches (35.56 mm), and EL = 1.5 inches (20.32 mm) (Swinhoe 1864 Description.-General appearance similar to the central to northern populations of N. confucianus, but this species is endemic to Taiwan. Tail slightly shorter than HBL, approximately 48% of the total length (HBL + TL). Dorsal fur is coarse with pronounced spines, slightly reddish brown. Undersurface is milky yellow. The proximal, dorsal surface of tail is brownish black, with the distal half generally white. Undersurface of the tail is white.
Diagnosis.-Medium size, significantly smaller than N. culturatus. Dorsal fur with abundant spines, which is the basis for its informal name "Spiny Taiwan Niviventer." Incisive foramen long with lateral edges slightly arc-shaped. Posterior edge of incisive foramen extending near anterior edge of upper molars (Figs. 5A1 and 5A2) .
Comments.-This species occurs no higher than 2,000 m and is common below 1,300 m (Yu 1994) . It is abundant in the mountains of Taiwan.
Distribution.-Endemic to Taiwan Island, China. Sympatric species.-Niviventer coninga and N. culturatus both distributed in Taiwan, but they have different elevational distributions.
Niviventer culturatus (Thomas, 1917) 
Soft-furred Taiwan Niviventer
Rattus culturatus Thomas, 1917:198 External and craniodental descriptive statistics.-Average EM of 5 adult specimens collected in the type locality (NHM12.11.23.19, 12.11.23.20, 2.11.23.22, 12.11.23.24, , , . Craniodental measurements (mm) from 4 intact skulls of adult specimens (NHM12.11.23.19, 12.11.23.20, 2.11.23.22, and 12.11.23.25) : TLC = 39.02 ± 1.26 (37.92-40.21), NL = 14.01 ± 0.34 (13.68-14.44), GWS = 5.91 ± 0.40 (5.54-6.45), , , , IFL = 7.06 ± 0.66 (6.52-7.99), WIF = 2.59 ± 0.19 (2.45-2.85), ), ), ), ULMD = 10.27 ± 0.52 (9.77-10.81), , .
Description.-A medium-sized rat with a TL slightly longer than the HBL. The TL is approximately 54% of the total length (HBL + TL). The general color and body size resemble those of N. andersoni, which occurs in middle to higher mountains in southwestern China. The dorsal hair is grayish black and soft. The undersurface is entirely white with a distinct border. The distal third of the tail is creamy white and slightly tufted. The skull is larger than that of N. confucianus. Braincase elongated oval. The supraorbital ridges are well developed, and the incisive foramina are long, with the lateral sides nearly parallel. Posterior ends clearly extend into the maxillary toothrows (Figs. 5B1 and 5B2) .
Diagnosis.-This Taiwanese species is similar in size and morphology to N. andersoni, but it is endemic to Taiwan. It is significantly larger than another endemic species of Taiwan, N. coninga (Table 3) . Statistical analyses showed this species could be easily distinguished from other species (Tables 3 and  4 ; Supplementary Data SD7).
Comments.-This species inhabits higher elevational habitats (> 1,600 m) than does N. coninga. It is morphologically similar to N. andersoni but is genetically distant from the NASC.
Distribution.-Endemic to Taiwan Island, China. Sympatric species.-See N. coninga.
Niviventer lotipes (Allen, 1926) Hainan Niviventer
Rattus confucianus lotipes Allen, 1926:217, 11 . Type locality "Nodoa, Hainan" (= Nada, Hainan, China). Rattus confucianus yaoshanensis Shih, 1930: 6 WSDO = 6.0, ZB = 16.5, BL = 33.8, PL = 20, ULMM = 6.5, ULMD = 10.3, and LLMM = 6.5 (Allen 1926) .
External and craniodental descriptive statistics.-Body mass (g) and EM (mm) of 63 adult specimens: BM = 69. 37 ± 18.23 (32.30-118) , , , , and HFL = 27.12 ± 2.07 (17-31). CM (mm) from 33 intact adult specimens: TLC = 35 ± 2.20 (29.52-38.58), , , , , , ), IFL = 5.62 ± 0.67 (4.06-6.72), WIF = 2.52 ± 0.29 (1.82-3.2), ), LTB = 6.01 ± 0.39 (5.10-6.98), ULMM = 5.56 ± 0.26 (5.05-6.18), ULMD = 9.05 ± 0.83 (7.13-10.34), , .
Description.-This species closely resembles N. confucianus in morphology. It is differentiated from N. confucianus by a sharply bicolored tail of a dusky color above and white below, and the tail length of N. lotipes is significantly longer than in N. confucianus (Table 4) . Incisive foramen with slightly arcshaped lateral sides, and posterior margin not extending into maxillary toothrow (Fig. 5J1 and 5J2) .
Diagnosis.-This species is slightly larger than N. confucianus in external morphology. It differs from other species in having a bicolored tail with a pure white undersurface. The incisive foramen of N. lotipes is smaller than that of N. confucianus with arc-shaped lateral sides. For other diagnostic features, see N. confucianus account.
Comments. -Li et al. (2008) reported karyotypes of "N. lotipes." However, the original figures (Fig. 1B in Li et al. 2008 ) of the specimens identified as "N. lotipes" and its karyotypes (2n = 52, FN = 66) showed high similarity with species of the genus Chiromyscus that bear an entirely brownish-black tail (C. langbianis).
Distribution.-This species is widely distributed at lower elevations in southeastern China, including Hainan, Guangxi, Yunnan, Fujian, Guangdong, and Zhejiang provinces. Elevation of molecular voucher specimens is 15-2,302 m (Table 6) .
Sympatric species.-This species slightly overlaps with N. confucianus along the Yangtze River, and with N. niviventer in southwestern China.
Niviventer niviventer (Hodgson, 1836) Himalayan Niviventer Hodgson, 1836:234 . Type locality "Nepal, Kathmandu". Rattus niviventer : Ellerman, 1961:635-644 . Name combination. Niviventer niviventer : Musser, 1981:168, 237 Description.-This species resembles N. confucianus in morphology, but its TL is significantly longer than that of N. confucianus (P < 0.01), at approximately 58% of the total length (HBL + TL). The dorsal pelage is brownish black, and the undersurface is generally white. Braincase elongated oval, incisive foramina do not reach anterior ridge of maxillary toothrows (Figs. 5E1 and 5E2) .
Mus (Rattus) niviventer
Diagnosis.-Similar to N. confucianus, but distinguishable by its longer tail, which is nearly 195 mm. Niviventer niviventer (including BM, HBL, TL, and EL) is significantly heavier or longer than N. confucianus. Based on the skin specimen of the holotype at NHM (badly broken), this species is darker than N. confucianus, and its tail does not have distal hairs (Tables 3  and 4 ; Supplementary Data SD7).
Comments.-The original description of N. niviventer was not detailed; it did not provide information on EM and CM (Hodgson 1836) . Moreover, the holotype is badly broken. The type locality of this species, Katmandu, Nepal, is distant from the voucher specimens studied in the present study (by more than 1,400 km). Following Balakirev et al. (2011) , we treated this taxon as N. niviventer. However, a more comprehensive sampling along the Himalaya Mountains is needed.
Distribution.-According to the IUCN (Molur 2016) , this species is not present in China. However, our results reveal a wide distribution in China, including the mountainous region of the Sanjiang River in Yunnan and the upper and lower streams of the Jinsha River, the Nujiang River, and the Lantsang River (Fig. 1) . The average (± SD) elevation for available records of molecular vouchers and studied museum collections is 1716.64 ± 596.75 m. Description.-This is the smallest species within the NNSC as shown by the BM, HBL, TL, and HFL values, and it is easily mistaken for the juvenile or subadult form of other species. The dorsal pelage is deep brownish black with white spines (approximately 10 mm, generally white with short brownishblack tip), and the ventral side is purely white and soft. Most specimens with a black, long, sword-shaped stripe near the neck, with a narrow apex of this stripe extending into the middle of the abdomen (Figs. 4E1 and 4E2 ). The area of this stripe covers the whole neck region in several specimens. This character is relatively stable in populations from Linzhi and Milin. Whiskers white, extending backward, and their length exceeds the end of ears. Ears short and black without visible hairs in the dorsal view, but with sparse white hairs ventrally. The tail is thin and smooth without a tuft of hair near the tip, dorsal view pale brown with black short hairs basally and very short white hairs near the tip (< 0.5 mm). Ventral view of the tail generally white and smooth with short white hairs. Scales of the tail are about 0.8 mm in length. Undersurface of feet purely white with pollex of forefeet degraded into small pads, while hallux of hindfeet remains well developed. Claws thin and sharp, about 2 mm in length.
The skull is the smallest among NNSC species (Figs. 5L1 and 5L2), with a short rostrum and globular braincase, and welldeveloped supraorbital ridges. Incisors thick and strong, slightly bending inwardly. The incisive foramen is shortest among all NNSC species (5.25 ± 0.62 mm, 3.85-6.07), oval-shaped, and does not reach the toothrows. Interorbital constriction is relatively broad and flat. The zygomatic plates are narrow and thin. The tympanic bullae are small. Greatest mastoid breadth is the narrowest among all NNSC species (12.88 ± 0.38 mm, 12.26-13.69). Palatal bridge narrower when compared with its length. Frontal edge of basioccipital bone is narrow.
Diagnosis.-This species is similar to N. lepcha in both size and skin morphology. The black-colored stripe of the abdomen in N. lepcha is extremely large and covers the entire ventral view of the neck, extending to the posterior region of the abdomen, whereas that of the new species is small and reaches the middle of the abdomen. Lacrimal foramen of N. gladiusmaculus is wider than that of N. lepcha, M3 has 2 rows of cusps; however, M3 of N. lepcha has 3 rows of cusps (Figs. 5K and 5L) . Statistical analyses showed this new species is distinct from N. lepcha in HFL and CLAD (Table 4) .
Comments. -Musser (1981) included N. lepcha within N. niviventer, but he also pointed out its small size and occurrences "from northeastern Pakistan to Sikkim, but no farther." This new species is distributed at the highest elevations (3,198.78 ± 462.50 m, 2,979-4,416 ) when compared with other NNSC taxa. The examined specimens of N. lepcha were collected from a lower elevation (~1,630 m) in Sikkim, Chuntang. Based on the significant difference of morphology and ecology between specimens collected from Linzhi (including its vicinity) and Sikkim, we propose specimens collected from those 2 regions as independent taxa.
Distribution.-Available specimens were collected from mixed broadleaf and coniferous forest, and they show that this species is endemic to Tibet, in Linzhi and its vicinity.
Etymology.-"gladius" means short sword in Latin, "maculus" means thorax in Latin. We use "gladiusmaculus" to name this species since it bears a gladiate-shaped stripe on the ventral view of the abdomen. The gender of the species name is masculine.
Nomenclatural statement.-A life science identifier (LSID) number was obtained for the new species (Niviventer gladiusmaculus): urn:lsid:zoobank. org:act:83DEE5C8-12BD-4848-BECD-D75CDC240502.
Sympatric species.-The distribution of this species slightly overlaps with N. andersoni in southeastern Tibet.
Niviventer pianmaensis Li and Yang, 2009, comb. nov. Pianma Niviventer N[iviventer] . andersoni pianmaensis Li and Yang, 2009: 54. Type locality.-Pianma, Yunnan, China (2,250 m, N26.15, E98.63). Description.-This is a middle-sized rodent with a brownishblack dorsal coloration of the pelage and a pure white ventral coloration of the abdomen. A clear, heart-shaped spot is present in most specimens. The boundary between the dorsal and ventral coloration of the pelage is distinct. Fur generally soft without clear spines. The tail is clearly longer than the body length with the dorsal coloration brownish black and the ventral coloration white.
The interorbital distance is the broadest among species within the NNSC (6.35 ± 0.27 mm, n = 18, in Fig. 5D1 ). The incisive foramen is oblong (Fig. 5D2 ) and generally like an olive with 2 sides clearly arc-shaped. There are 3 ridges well developed between the maxillary molar rows.
Diagnosis.-This species could be distinguished from other species within the NNSC by a heart-shaped ochraceous spot near the neck (Figs. 4A1 and 4A2) . The dorsal and ventral hairs are soft; the dorsal pelage is brownish black; and the ventral pelage is purely white. The overall shape of the incisive foramen is like an olive (Fig. 5D2 ). These characteristics are significantly different from those of other species within the NNSC. Moreover, ANOVAs on CM showed this species is distinguishable from N. mentosus by TLC, GWS, SOD, GMB, PL, GPB, LTB, ULMM, ULMD, and LLMM (Tables 3 and 4 ; Supplementary Data SD7).
Comments.-Previous studies assigned specimens of a similar morphotype from southeastern Tibet as N. mentosus (Feng et al. 1984; Zhang et al. 2016) . However, the type specimens of N. mentosus from NHM lack a heart-shaped ochraceous spot on the ventral pelage. Moreover, the specimens of N. mentosus were collected at a much lower elevation (500 feet, 152.5 m) when compared with that of this species. Li and Yang (2009) established this morphotype as a subspecies, N. andersoni pianmaensis; however, N. andersoni clearly differs from this morphotype, having a larger body size, different skull morphology (Musser and Chiu 1979) and white-colored distal one-third of the tail. The genetic lineages identified as N. a. pianmaensis (field number: H0281, H2044, 201211103, 0709240, DQ1204036, PM1311382, TC1303087, PM1311524) by Zhang et al. (2016) actually clustered within N. andersoni based on a phylogenetic study. Voucher specimens of this genetic lineage showed a typical morphology of N. andersoni. These specimens are different from the type specimens studied by Li and Yang (2009) . However, those identified as N. mentosus (1 specimen was collected from nearby location of Pianma, LS13121185) by Zhang et al. (2016) , and individuals assigned as Moutuo population of N. confucianus (MT44-46) by Chen et al. (2011) , together with the newly sequenced samples of the present study (LY20140028, TD2014005, TD2014006, TD2014010, TD2014011, TD2014016), formed a monophyletic lineage N. sp2 within the NNSC (Figs. 2 and 3) . The voucher specimens of this lineage showed high similarities to the type specimens of N. a. pianmaensis (Li and Yang, 2009 ). Therefore, we proposed this genetic lineage to be a new taxonomic combination.
Distribution.-This species is endemic to southeastern Tibet and Yunnan in China. The available collection records of molecular vouchers and museum specimens showed the elevational distribution of this species to range between 1,950 and 2,250 m (Supplementary Data SD1). Specimens were collected from evergreen broadleaf forest.
Sympatric species.-The distribution of this species overlaps with N. andersoni, N. niviventer, and N. confucianus in southwestern Yunnan Province and southeastern Tibet.
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